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^ (54) Title: TEST SYSTEM AND METHOD SUITABLE FOR SELECTING TEST MATERIALS AND FORMULATIONS 

(57) Abstract: The present invention provides a test system and a method for screening lipophilic and amphipathic materials with 
low water solubility. It generally relates to membrane lipid suspensions or dispersions employed as a test system for obtaining 

desired physico-chemical and biological information relating to the interaction of materials with membrane lipids in early screens in 
discovery. It serves as a selection method for derivatives of a test material for optimal membrane affinity and membrane permeation 
and thereby predict the potential for absorption in vivo. Furthermore, it may be used in later screening in formulation development, 
to select a carrier for a test material or derivative to enable the highest drug load. The data obtained by using the invention in primary 
screening provide key information on physico-chemical properties early on which may affect drug absorption and may be more 
predictive than log-octanol determinations. Compared to other screening methods which utilise cell models such as liposomes and 
cell lines. Transmembrane Screen (TS) is a versatile miniature tool that requires minimal amounts of test substances. It is adaptable, 
practical, cost effective and may be used routinely in high throughput screening. 
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Test system and method suitable for selecting test materials and formulations 

The present invention relates generally to a method for screening materials to obtain key 
physicochemical and biological data. More specifically, it relates to an improved system 
that is suitable for testing compoimds with low water solubility, particularly for com- 
pounds that are very sHghtly water soluble or insoluble using a novel Transmembrane 
screening (TS) technique for key parameters such as solubility, membrane affinity, parti- 
tioning and transfer properties in drug discovery. The invention may also be used in for- 
mulation studies to screen and select solubilising coinponents that may improve absorp- 
. tion of both novel and existing compoimds^ The invention is highly adaptable, mimics the 
properties of natural bio-membranes and allows the determination of desired physico- 
chemical properties as well as identifying more specific information from a single screen 
or a series. Prior screening methods which employ membrane Kpids for screening are 
based on either drug concentration measurements with the substrate or tihie surrounding 
aqueous phase, for determining one or other membrane property. The invention is practi- 
cal, easy to perfomv allows larger numbers of samples to be screened in minute amotmts 
and thereby improve screening efficiency. The invention may also be incorporated into 
high throughput screening methods. 

"Test system" comprises principally membrane lipid compositions in suspension or dis- 
persion, optionally with other components for use with a set of procedure and experi- 
mented method for screening compoimds. 

"Activity" refers to the antagonism, agonism, inhibition, neutralisation, or other physio- 
logical effect elicited on the target or host. 

" Material" includes any chemical or biological substance, any organic or inorganic ele- 
ment or compound, including nucleotide, single nucleotide, single nucleotide polymor- 
phism and precursors thereof, or nucleotide sequence (including DNA and RNA se- 
quences/ gene, vector ox construct including plasmids, or viruses), host organism (in- 
cluding fungi, algae, protozoa and hybridomas, eukarybtic or prokaryotic cell line or ex- 
pression system or any development strain or product of that cell line or expression sys- 
tem), protein (including any peptide or amino acid sequence, enzyme, antibodies or pro- 
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tein conferring targeting properties and any fragment of a protein or a peptide enzyme or 
anti-body)^ cell cultures, drug or pro-drug, assay or reagent, or any genetic or biologic 
material, or membrane lipid component, or micro-organism or multi-ceUtdar plants or 
components of living organisms. They may belong to product groups like pharmaceuti- 
cals, biopharmaceuticals, neutraceuticals, cosmeceuticals , components used in biotech- 
nology, food components, veterinary and in-vitro and in-vivo diagnostic products. The 
expressions 'material', 'compound' and 'drug' are used interchangeably in titiis specifica- 
tion in order to more appropriately illustrate the specific applications. 

"Test material" is the material that is screened for a desired physico-chemical 

"Compound with low water solubility" covers lipophilic, hydrophobic or amphipathic 
compounds that require more than 10 parts of water to dissolve 1 part of the compoxmd. 
It spans the definitions between sparingly soluble (from 10 to 30) to insoluble compounds 
(10,000 and over) but particularly very slightly soluble (from 1000 to lO'OOO) to insoluble 
(10,000 and over) as defined in USP 24. 

"Transmembrane screen" (TS) describes experiments, procedures, and analytical methods 
for obtaining physico-chemical and biological data of a test material." 

"Molecular association" between Test material and lipid molecules is achieved if not more 
than 10% of im-associated test material is retained on a 200 nm polycarbonate membrane 
fQter after filtration of at least 1:5 dilution of the .mixture containing the test material with 
distilled water. 

The recent decoding of the human genome has presented the pharmaceutical industry 
with a wealth of opportunities to discover new protein structures related to the genome 
sequence. In tum these proteins serve as models to design specific molecules able to inter- 
act with the receptor proteins. At least 40 % of discovery molecules have low water solu- 
bility. The large numbers of real and virtual compoimds emanating from combinatorial 
chemistry and computer modelling provide vast numbers of candidates for compoimd 
libraries. Screening of the more promising candidates from this library for further investi- 
gation should be rapid and predictive. Therefore it is necessary to employ efficient and 
inexpensive screening methods to facilitate and accelerate the dmg discovery and devel- 
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opment programs. In early testing of novel compounds for key physico-chemical proper- 
ties, the limiting factors may be the absence of a fast, reliable method for predicting 'good' 
candidates and the small amount of the compoxmd, often less than lOmg that may be 
available. Although HTS (High Throughput Screen) has been made more efficient by in- 
creasing the sensitivity and speed of spectroscopic detection methods, development of 
robotic techniques and the use of increasingly selective receptor/substrate combinations, 
it is reported that 39 % of the selected drug candidates are not screened out by the 
screening procedures and fail during further development because of inappropriate 
ADME (Absorption, distribution, metaboKsm, elimination properties (Kennedy, T., Drug 
Discovery Today, 1997, 436). One reason for failure is the unreliability of current HTS 
methods to reliably predict 'good' and 'developable' drug candidates based on physico- 
chemical profiles obtained in early screens. Information on membrane interactions which 
may be more predictive of drug absorption is not reliable from the primary and early 
screens routinely used in drug discovery because of costs and time considerations. 
Clearly, there is a need to direct closer attention in early screening towards key membrane 
interactions which may be more Kkely to influence a favourable outcome. Mainly relying 
on lipophilic and solubility characteristics may not be sufficient This is evidenced by the 
large number of lipophilic compounds which present absorption problems due to poor 
membrane affinity and transfer because they are not recognised earlier. 

It is usual to carry out the characterisation of physico-chemical properties such as lipo- 
philicity, from log octanol/ water distribution considerations. The method is cumbersome 
and does not relate reliably hpophiHc properties to drug absorption. Where additional 
characterisation for membrane solubiUty, aftinity and transfer is sought, methods such as 
liposome chromatography, liposome partitioning, solid support lipid membranes, immo- 
bilised artificial membranes chromatography, surface plasmon resonance technology us- 
ing liposome coated sensor smfaces, and assays based on micro-titer filter plates covered 
with lecithin have been reported. The methods may be incorporated into high throughput 
screens but compared to simple log octanol determinations, the screens are expensive, 
time consimung and require sophisticated detection and analytical equipment to deter- 
mine very low concentrations of lipophilic drugs. Therefore they may be difficult to justify 
for early screening where high throughput, speed, efficiency and low costs are important 
considerations. Typical methods to screen for membrane affinity which use lipid mem- 
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branes are; phospholipid with membrane proteins in lAM-HPLC (US 4,927^79 and US 
4,931,498); bead based lipid systems (Loidl-Stahlofen. A et al. J. Pharma Sd. 90(5), 2001, 
597-604); chromatographic system described in US-A-5,707,873; cubic phases (Engstrom S. 
et al., Eur. J. Pharm Sci. 8 (1999) 243-254; SPR biosensors paneHan E. et al.. Journal of Me- 
5 dicinal Chemistry, 2000, Vol. 43, No. 11, 2083-2086). In general, the prior art on lipid based 
systems that may be used to screen for membrane interaction of materials with low water 
solubility is concerned mostly with membrane affinity and not so much with transfer or 
permeability. Transfer in this context refers to the passive diffusion of the compound into 
or between membrane structures. Notably, the disclosures teach away from the use of 
1 0 liposomes and other model lipid particles for routine screens as the methods of prepara- 
tion axe thought to be inconvenient and add to costs and decrease efficiency. 

Another major limitation with screening methods that may provide more useful infor- 
mation early on relating to membrane affinity and transfer concerns the requirement for 

1 5 the compound to be present in solution in the aqueous phase to partition/ transfer into the 
biological membrane or cell model during screening. This may be difficult because of the 
poor water solubility unless organic solvents are used. For compoimds that are very 
slightly soluble or water insoluble, the concentration in the sm-roimding perfusion me- 
dium may not be sufficient to facilitate partitioning because of low transmembrane gradi- 

20 ents. Therefore the small amount of drug able to be detected in the membranes and inter- 
nal aqueous compartments may require extremely sensitive analytical methods. Other 
techniques require separation of the reactants/components after incubation to determine 
free drug concentrations in the external aqueous medium. 

25 A few of the shortcomings of typical screening methods which limit their use in routine 
screens using artificial cells and model membranes is discussed below. 

The JAM (immobilised artificial membrane) -HPLC method is characterised by the use of 
HPLC column material covalently coated with a phospholipid monolayer. Affinity de- 
30 termination of a compound for the Upid mono-layer is estimated from the retention time 
of the drag in solution in the mobile phase. This procedure is therefore of limited use 
since solvents need to be used which may be detrimental to the monolayer. Hierefore, 
only lipophilic compounds soluble in PBS at 0.1 to 1 mg/ml or in methanol can be tested 
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(Stewart B.H. and Chan O.H. J. Pharm Sci. 1998 (87),12, 1471-1478). Only lipophUic com- 
pounds within this solubility range can be tested. In addition, the method only provides 
an estimate of the affinity of the drug for the lipid mono-layer. Information on transmem- 
brane permeability across multiple bi-layers is not obtained. In practice, the mono-layer 
5 does not mimic a natural membrane sufficiently since the latter is composed of more than 
a single bi-layer. 

The bead-based assay method, sold under the trade mark Transil® involves multiple 
steps for screening compounds using a single lipid bilayer non covalendy coated on a 

1 0 modified surface of silica or polymer beads. The beads are suspended in buffer solutions 
and added to different dilutions of drug in DMSO in filter well plates. After incubation, 
the beads are separated by fast filtration and the filtrate analysed by HPLC for free drug. 
The difference between the drug concentration in the reference and the filtrate gives the 
amount of bound material. The method does not mimic natural bi-layer membranes be- 

1 5 cause the inner mono-layer which binds to the bead smface may be perturbed and com- 
parisons with permeability across bi-layers may not be reliable* Furthermore, the aggre- 
gation state of the material inside the membrane is not known because only the filtrate is 
considered. Only a fraction of dissolved material will be bound to the lipid mono layer. 
Since the compound has poor water solubility, tiie small difference between two very low 

20 values gives a hig^ margin of error. If increased eimounts of drug are added to the bead 
suspension,^ precipitated drug particles are likely to be retained on the beads and may not 
appear in tiie filtrate. Alternatively, if the particle size of the precipitated drug is much 
smaller tihan the bead size, the colloidal particles may be in the filtrate and give equally 
misleading information. For these reasons, Transil® can only be used for lipophilic com- 

25 poxmds with known and sufficient water solubility and may not be suitable for use in 
routine screening where solubiliiy profiles and are largely undetermined and very low 
water solubility may prevaiL 

US-A-5,707,873 describes a method of assessing mixed lipid transport properties of a 
30 compound. The methpd provides for a mixed lipid comjposition which incorporates a 
drug as colloidal particles subjected to size exclusion chromatography. Drugs which elute 
with the mixed lipid particles are considered to have stable transport properties. The dis- 
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closure does relate to screening for key physico-chemical and biologiceil properties e,g. 
solubility and passive transfer across membranes. 

Cubic phases have also been described for measurement of drug partitioning into lipid 
5 bilayers in a HTS setting (Engstrom S. et al., Eur. J. Pharm Sci. 8 (1999) 243-254). However, 
the authors recognise that the lipid used, glyceryl mono-oleate is not a typical naturally 
occurring phospholipid bilayer. In ttiis study, only affinity and not permeability is consid- 
ered. The method requires separation of the components in the substrate and may not be 
easily adapted for screening small quantities of large numbers of compounds rapidly and 
1 0 effectively. 

It is therefore an object of the present invention to provide a Test system and a method for 
screening of compounds to establish both overall and more spedfic physico-chemical pa- 

1 5 rameters earlier. One of the virtues in the technique is that the measurements may be car- 
ried out in the first instance on the Test system in its entirety, ie. without separation of the 
components. However, if required it does not rule out the option to separate out the com- 
ponents after incubation to study a partictdar membrane interaction. Usual separation 
methods such as centrifugation and simple anal}rdcal filtration are normally sufficient 

20 The invention is an improved method that is suitable for testing compounds with low 
water solubility, in particidar compotinds classed as very slightly soluble and water in- 
soluble, using a novel Transmembrane screening (TS) technique for screening desired 
parameters such as solubility, membrane affinity, partitioning and transfer properties in 
drug discoveiy. It is particidarly suitable for screening small quantities of large numbers 

25 of compounds rapidly and effectively. The invention may also be used in formulation 
studies with optionally other components to identify and select components that may 
improve absorption of novel and existing compounds. By using different types of mem- 
brane lipids and optionally other components to form lipid structures and by varying the 
test conditions more comparative information on affinity and trsinsfer properties may be 

30 obtained from Ihe screen and predict more closely in vivo absorption characteristics than 
simple log octanol/ water determinations. The invention is particularly sxiitable for 
throughput screening of novel compounds and in formulation screens to improve the 
delivery of existing compounds. The invention may be used for a single determination in 
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a single container e,g. test tube or preferably in series, e.g. in well plates with multiple 
micro-reservoirs. 

The invention is particularly suitable to screen active test materials which are very slighty 
5 water soluble (i.e. 1 in 1000 and over) for, 

• membrane affinity, 

• membrane permeability, transfer 

• membrane lipid compatibility. 

1 0 Accordingly, the invention provides for a Test system comprising at least one membrane 
lipid component , preferably a phospholipid dispersed in an aqueous medixmi/ optionally 
witii other excipients. Depending on the components used, the uivention may mimic 
many of the properties of natural membranes, offers the possibility to use asymmetric test 
conditions, allows rapid and efficient screening measurements witti the possibility for 

1 5 automation. The invention compares to a practical miniature tool and allows the use of 
minimal amounts of test materials, typically below lOOmg, possibly below 5mg quantities 
for each screen in single or mtdtiple cells, in single or preferably in a series of tests. The 
volume in each container maybe between 10 microlitres to about 1000 microlitres or more, 
preferably between 50 to 500 microlitres. However, this should not be a limiting factor 

20 and depending on the compound and method of analysis smaller or larger volumes may 
be used. The containers for carrying out the screen may be U-V cells, test tubes, micro test 
tubes, nephelometer tubes, micro reservoirs such as well plates or any suitable vessel that 
may be used for high speed, robotic or automated handling. The test may be performed 
sequentially or in parallel for high throughput Well plates are particularly preferred be- 

25 cause of the large numbers of mioro-reservoirs available for performing a series of sepa- 
rate tests using a single plate. The results from one weU plate represent the data from a 
single screen and provides the desired information on key membrane interactions. 

To carry out the screen for membrane affinity, a range of concentrations for the test mate- 
30 rial is dissolved in a minimum volume of one or more suitable organic solvent Each solu- 
tion is added to the container or micro-reservoirs e.g. well plate, containing a Test System. 
After equilibration, the well plate is examined for presence of precipitated material to 
determine membrane interaction by UV or any suitable analytical method. The point of 
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inflection on a lipid/ drug ratio Vs' transmission (turbidity) plot relates to optimum 
membrane affinity for the particular Test systercu A series of graphs from different Test 
systems may be drawn and the data compared. Similarly, time/ transmission and mem- 
brane transfer plots may be obtained on the compound or different compounds and 
varying and permutating different Test systems. Furthermore, die screening or analytical 
conditions may be varied to obtain additional ixvformation relating more closely to specific 
in vivo transfer. Therefore a large number of variables may be screened wiih a small 
amount of Test material in a single well plate. Comparative data from a series of tests per- 
formed simultaneously in each plate may provide comprehensive information to charac- 
terise the test material more reliably. Tumaroimd time for each screen is extremely rapid. 

When bilayer forming membrane lipid compositions are used to form unilamellar vesicles 
with particle size between 20 and 100 nm, the screening yields information on the mem- 
brane interaction with membranes comprising typical single lipid bilayer . 

When bilayer forming membrane lipid compositions are used ra which the lipid is dis- 
persed in water to f prm multilamellar vesides within a size range of about 50 nm to about 
20 |xm, the screening 5delds information on the membrane interaction e.g. affinity and 
membrane permeation of die test material through model cells with alternating lipid bi- 
layers. 

In anotiier variant, the invention allows high throughput screening using lipid suspen- 
sions where the internal aqueous domains comprise a medium that is different from the 
external medium (e.g pH, water soluble proteins). Thus, the suspension more closely 
mimics the situation in the stomach and duodenum where pH differences across the 
membrane can exist. 

When aqueous nuceUar lipid dispersions are used which comprise mono-acyl menibrane 
lipids or mixtures of mono and di-acyl membrane Upids in the Test system, the screening 
yields information on solubilisation of Upophflic materials in the intestines prior to ab- 
sorption. 
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A further aspect of the invention relates to evaluating membrane lipid interaction in terms 
of aggregation state, molecular dispersion and stability of the complex formed by the Test 
system. Preferably, the Test system disperses in water and is optically clear initially 
and/ or allows reproducible transmission of light in its entirety, which can be measured 
using an appropriate analytical method. All that is needed after incubation is qualitative 
visual inspection of ihe turbidity of the well plate or other micro reservoirs to obtain the 
required information Optionally if required, simple centrifugation or filtration may be 
used and quantitative analysis for more specific physico-chemical data may be made us- 
ing image analysers, light microscopic observation and spectrophotometric analysis in the 
UV-Vis region or IR, preferably NIR region or by fluorescence as determined by the 
physico-chemical properties of the test materiaL Molecular association of the active mate- 
rial in the Test system may be determined by means of automated sequential filtration 
through a 0^ jiun pores size filter plate. It should be clearly understood that the Test sys- 
tem in the micro-reservoirs comprising flie complex formed after incubation may be in- 
troduced to biological ceU models and cell lines for screening for desired biological prop- 
erties. In these instances these may be regarded as alternative detection ixiethods. 

The Test system may be used to assess the membrane interaction properties of com- 
poimds with unknown solubiKfy in initial drug discovery. The main requirement in util- 
ising the invention is for the material to have sufficient solubility in minimtun quantities 
of water miscible solvents with optionally small amounts of an aqueous medium and/or 
surfactants. Preferably the compound is in solution, but may be in suspension. 

The present invention provides a reliable and reproducible method for screening for solu- 
bility and membrane lipid interactions of compoxmds having low water solubility by a) 
preparing a solution or suspension of a compotmd having low water solubility in at least 
one water miscible organic liquid with optionally small amounts of an aqueous medium 
and / or excipients. 

b) preparing a Test system comprising at least one membrgme lipid i) in homogeneous 
suspension in water or an aqueous medium ii) optionally other excipients and compo- 
nents 
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c) Eoixing a solution of said compound with low water solubility with at least one of said 
compositions with at least one membrane Kpid in suspension; 

and d) analysing the resxiltant mixture for desired physico-chemical and or biological da- 
ta. 

5 

Preferably the screen is performed in e.g. 96 (or less) or 384 (or more) well plates to enable 
multiple testing. However, the apparatus or container used for the screen or the volumes 
tised are not limiting factors and the invention may be incorporated into most high 
throughput screening procedures, 

10 

The present invention provides a Test system and the use thereof, to screen for interaction 
of materials with lipophilic and amphiphilic characteristics under controlled conditions 
such as temperature and equilibration time. The invention includes particularly the use of 
homogeneous suspensions and dispersions of diacyl membrane lipids, diacyl membrane 

1 5 lipids enriched with monoacyl membrane lipids or monoacyl lipids alone. The invention 
includes the u^e of unilamellar phospholipid vesicles suspensions to assess lipid bilayer 
affinity. It covers the use of multilamellar vesicles to assess both bilayer affinity and bi- 
layer permeability characteristics of test materials. It also includes non vesicular mem- 
brane lipid structures such as micelles, mixed micelles and microemulsions etc. to assess 

20 permeability and transfer. The Test system further includes optionally, other pharmaceu- 
tically acceptable solubilising components including but not limited to e.g. cyclodextrins 
and derivatives thereof, polymers and surfactants. 



25 The membrane lipid components for the Test system may be prepared as a stock disper- 
sion. The preferred Hpid type used is phosphatidylcholine (PQ. Further preferred lipids 
and lipid mixtures include either a mixture of diacyl (PQ and monoacyl (MAPC) compo- 
nents in a ratio of 1:20 to 20:1, preferably 1:10 to 10:1, most preferably 1:5 to 5:1, Most pre- 
ferred diacyl phosphatidylcholines are soy PQ Egg PC, POPC (l-padmitoyl, 2- 

30 oleoylphosphatidylcholine), OOPC (1,2 dioleoylphosphatidylcholine) and partially hy- 
drogenated Soy and Egg PC reaching a similar fatty add composition as POPC. Also 
negatively charged synthetic, semi-sjnathetic or naturally occurring phosphatidylserines. 
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preferably 1,2 di-oleoylphosphatidylserine, phosphatidic acids, phosphatidylinositols, 
phosphatidylglycerol, preferably 1,2 dioleoylphosphatidylglycerol and l-palirutoly,2- 
oleoyl phosphatidylglycerol. Egg derived PG and soy derived PG may be used. Most pre- 
ferred monoacyl cotinterparts of the above mentioned diacyllipids include enzyme modi- 
5 fied (Fhospholipase A2) soy PC, followed by Egg PC, 1 -palmitoyl PC, 1 oleoyl PC, 1- 
stearoyl PC. Preferred suspensions or dispersions of membrane lipids in water contain 
between 0.1 to 20 % w/w preferably between 0.1% to 5% and most preferably between 
0.25% to 2.0%. Unilamellar structure should preferably have a particle size smaller then 
about 100 nm. Multilamellar structirres should preferably have a particle size ranging 
1 0 from about 50 nm to 20 jun with less than 30 % of the lipid located in itie outer membrane 
of the multilamellar structure. 

The Test system comprises at least one solubilising component, preferably at least one 
phospholipid of the formula 

15 

H2C-0-R^ 

R2— o— o 

CH2O--P-O-R3 

wherein 

Ri represents Cio-Caoacyl; 

R2 represents hydrogen or Cio-Caoacyl; 

20 R3 represents hydrogen, 2-trimethylamino-l-ethyl, 2-amino-l-ethyl, Ci-C4alkyl, Ci-Qalkyl 
substituted by carboxy, C2-C5alkyl substituted by carboxy and hydroxy, C2-C5alkyl sub- 
stituted by carboxy and amino, an inositol group or a glyceryl group or a salt of such 
compound. 

Other examples of membrane lipids are cardioUpin, phosphatidylethanolamines, sphin- 
25 gomyelin, cerebrosides, glycolipids, ceramides, cholesterol and cholesterol derivatives, 
These membrane lipids may be purified or crude cell membrane extracts containing other 
membrane components derived from natural membranes and barriers like brush border 
membranes, asterocytes, skin cells, epithelial cells etc. natural plant or animal or micro- 
biological sources, S3nithesised or partially synthesised and hydrogenated, including 
30 polyefliylene glycol (PEG) derived diacyl and monoacyl equivalents. Wherever possible. 
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the same components should be used for screening and for delivery in order to injrmriise 
the risks from changes during development Membrane lipids such as phospholipids are 
widely used excipients and are preferred because of their safety cuid regulatory features. 

5 Examples of suitable organic solvents to dissolve the drug indude but are not limited to: 
methauiol, ethanol^ 96% ethanol, tert-butanol, absolute glycerol, propylene glycol, eihyl 
lactate, polyethylene glycol 300, polyethylene glycol 400, 1,3 butandiol, succinic acid di- 
ethyl ester, triethyl citrate, dibutyl sebacate, dimethyl acetamide, DMSO, DMF, glycerine- 
formal, glycofurol (tetraglycol), isopropanol, transcutol, lactic add butyl ester, N- 
1 0 methylpyrrolidone, solketol, propylene carbonate, propylene glycol diacetate, tetrahydro- 
furfuryl alcohol, diethylene glycol mono ethyl ether, triacetin. 

Examples of additionsil excipients suitable for Test system compositions include but are 
not Umited to: benzyl alcohol, benzyl benzoate, triglycerides, medium chain triglycerides 
like Miglyol 810™, Miglyol 812™, Miglyol 812 Ntm, Miglyol 829™, Mtglyol 840™ Miglyol 

1 5 8810™, isopropyl myxistate, isopropyl palmitate, ethyl oleate, (2-octyl dodecanol), bile 
salts, latuinsaure hexyl ester, oleic acid, ricinus oil, sesame oil, soybean oil, salts like NaO, 
CaCU, Mga2 , buffer components like NaH2P04, Na2HP04, citric acid, HQ, NaOH, Tris, 
imidazole, borate, cyclodextrins, sugars like lactose, glucose, marmose, sucrose, polyalco- 
hols like mannitol, sorbitol, , anti-oxidants like £ilpha tocopherol acetate, ascorbyl pahni- 

20 tate, antimicrobial preservatives like methyl and butyl parabene, thiomersal, sodiimi az- 
ide. 

The Test system may be prepared as follows: 

A homogeneous suspension or dispersion containing, at least one membrane lipid and 
optionally other excipient(s) is prepared by suspending the lipid in an aqueouis meditmu 

25 The aqueous medium may be buffer solutions, D20, water and optionally may contain 
minor amoimts of water miscible organic liquid. A suspension comprising xmileimellar 
vesicles with diacyl PC is prepared by suspending the lipid in water followed by high 
shear/high pressure homogenisation until the required particle size, e.g. below 100 run is 
obtained. After sterile filtration the suspension is filled into glass vials and closed with 

30 rubber stoppers and aluminium caps. Multilamellar vesicles may be prepared from ly- 
ophilisates of POPC or partially hydrogenated soy or egg PC optionally containing up to 
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30 weight parts OOPS (1,2 dioleoylphosphatidylserine) or other negatively charged lipid 
and optionally containing cholesterol lyophilised from tert-butanol according to US-A- 
4,370,349 by addition of a predetermined volxmie of saline solution. Alternatively, multi- 
lamellar liposomes may be prepared by spraying organic solution on sugar or polyalcohol 
crystals followed by removal of the solvent under reduced pressure and hydration of the 
resulting lipid containing solid matrix. Any preparation method that is suitable may be 
used to form vesicular or non vesicular membrane lipid structures. 

The following examples illustrate the invention using test materials of well characterised, 
known substances having poor water solubility as surrogate compounds typically 
screened in discovery or in later formidation testing, to obtain physico-chemical and bio- 
logical data relating to membrane affinity and solubility. 

Example 1 

This example represents a novel compound that is screened for overall membrane affinity 
properties initially using the Test systenu In this example the interaction of a lipophilic 
Vitronection receptor antagonist witii M.W of 523 and Log P (octanol/water) 2.3, is 
screened using a Test system comprising membrane lipid in a 96 disposable plastic well 
plate (I>ynatech). 

a) Six Test systems are prepared as described^ comprising homogeneous aqueotis suspen- 
sions comprising 0.5% or 1.0 % by weight of, 

i) VP 200 (a lipid mixture comprising 98% diacyl phospholipid from soy bean phospho- 
lipid 

ii) VP 805 (blend containing 35% diacyl with 65 % mono-acyl phospholipid) 

iii) VP 814 (10% diacyl phospholipid with 90 % mono-acyl phospholipid, specially sup- 
pUed by Lipoid KG, FRG). 

b) A stock solution of lOmg Vitronection receptor antagonist/ml is prepared in DMSO 
and serial dilutions made with DMSO to concentrations of 5, 2.5, 1, OA, 0.2, 0.1 and 
0.05mg/mL 

c) 200 |il of each of the Test system from a) is dispensed into the well plate followed by 25 
fil of the drug solution from b). 
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d) The well plate is shaken for 20 seconds and then immediately inspected visually or 
turbidity assessed at 690 rttn at room temperature and without further separation or fil- 
tration. 

The resxilts show that in the Test system (i) comprising 0,5 % of the compoimd, no in- 
5 crease in turbidity is observed up to 16:1 Hpid/drug w/w ratio. It suggests that at this 
level, the drug is complexed to lipid bilayers. The affinity of the drug for bilayer forming 
membrane hpid prevents precipitation of the drug. Lower lipid/drug ratios show the 
presence of precipitated drug. The point at which drug precipitation starts to occur quan- 
tifies the drug/ membrane lipid interaction. According to this experiment mixed micelles 
1 0 (VP 805 and VP814) show less affinity for this drug since precipitation of the drug occurs 
at higher lipid/ drug ratios. The results are illustrated in Fig. 1. 

The screen was performed in triplicate and similar results were obtained, illustrating the 
reproducibility of the Test system to characterise the overall m:embrane affinity of com- 
pounds. It should be understood that optionally, the suspensions in the weU plate may be 
1 5 centrifuged or filtered if more detailed information on specific interaction e.g. free drug is 
required. 

Example 2 

This provides a typical example of an anti-microbial agent screened for optimum activity 
20 in formulation studies. 

a) A test system comprising 2.5 % VP 200 or VP 805 by weight is prepared as in example 
1. 

b) Solution of 80mg Clotrimazole/ ml are prepared in DMSO and ethanol. Serial dilutions 
are made to concentrations of 60, 40, 20, 10, 5, 1, 0.4 mg/ml for both solvents. 

25 c) 25jjl of each of the solution from b) is dispensed into the 96 well plate containing 200pJ 
of each Test system from a), as in example 1. 
d) The well plate is incubated and analysed as in example 1. 

After incubation, the results show that when the ethanolic Clotrimazole solutions are 
added to the Test systems containing VP 200 and VP 805, no change in turbidity is ob- 
30 served up to 20:1 lipid/drug w/w ratio. This suggests at this lipid/drug ratio the drug 
has sufficient affinity for either lipid bilayers composed of VP 200 or xziixed lipid disper- 
sions comprising VP 805 that precipitation is prevented. Lower lipid/drug ratios show 
the presence of precipitated drug. According to this screen, the higher turbidity of the Test 
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stations comprising VP 805 compared to VP200 at 10:1 or lower lipid to drug ratios sug- 
gest that Qotrimazole may have higher affinity for VP 200 than VP 805. When DMSO 
solutions of Clotrimazole are used (VP 200d and VP 805d) the drug starts to precipitate at 
20:1 lipid/ drug ratio. However the higher affinity of the compound for bilayer membrane 
structures compared to mixed micelle structures is also evident The results are illustrated 
in Fig, 2. 

If further information is required on the nature of the affinity and binding characteristics 
from the initial coarse screen, the Test systems may be fine tuned by using different types 
of lipid and other components to examine the binding characteristics and transfer proper- 
ties without detracting from the principle of the invention. In step c), the reservoirs used 
for the screen may be seeded culture plates to screen for anti-fungal properties. Alterna- 
tively in place of culture plates, Caco2 cell lines may be used to obtain biological data. In 
addition, the suspensions in \he well plate may be centrifuged/filtered prior to incubation 
in cup-plates or other detection equipment to identify or compare activities. 

Example 3 

This is an example of a highly lipophilic compound to assess membrane properties. 

a) 0.05 % by weight of a homogeneous aqueous suspension comprising VP 200, VP 805 or 
VP815 is prepared. 

b) A stock solution of 60 mg Cyclosporiii A/ ml is prepared in DMSO and ethanol. Serial 
dilutions are made to 40, 20, 10, 5, 2.5, 1, 0.4, 0.2, 0.1 and 0.05 mg/ml. 

c) 25^1 of drug solution from b) is dispensed into the 96 well plate with 200|jd of lipid dis- 
persion from a) in each micro-reservoir. 

d) The well plate is incubated and analysed as in Example 1. 

Data from the screen show that regardless of the lipid type and solvent used to dissolve 
cyclosporin, down to as low as 2:1 lipid/ drug w/w ratio, there is no increase in the tur- 
bidity observed (Fig. 3). This means that at this ratio the amount of drug has sufficient 
affinity for membranes composed of VP 200 (bilayers) or VP 805 (mixed micelles) or VP 
815 (micelles) to prevent precipitation. Lower Kpid/drug ratios show the presence of pre- 
cipitated drug. The ratio at which drug precipitation starts to occur is therefore an indica- 
tion of drug/ membrane lipid interaction. According to the screen, cyclosporin A shows a 
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very high affinity for membrane lipids compared to the drugs tested in Example I and II. 
The results are depicted in Fig. 3. 

Release or reverse transfer of the compound from the boimd complex back into the sur- 
rounding medium may be examined by plotting a reverse time/concentration course. 

The following figures illustrate the invention with reference to the above examples. 

Fig. 1 illustrates the influence of lipid/ dmg ratio on the turbidity of several drug lipid 
mixtures; 

Fig. 2 illustrates the influence of lipid/Qotrimazole ratio on the turbidity of several drug 
Upid mixtures; and 

Fig. 3 illustrates Influence of lipid/ cyclosporin A ratio on ttie turbidity of several drug 
Upid mixtures. 

The present invention provides a test system and a method for screening lipophilic and 
amphipathic materials with low water solubility. It generally relates to membrane Kpid 
suspensions or dispersions employed as a test system for obtaining desired physico- 
chemical and biological information relating to the interaction of materials with mem- 
brane lipids in early screens in discovery. It serves as a selection method for derivatives of 
a test material for optimal membrane affinity and membrane permeation and thereby 
predict the potential for absorption in vivo. Furthermore, it may be used in later screening 
in f onmulation development, to select a carrier for a test material or derivative to enable 
the highest dmg load. The data obtained by using the invention in primary screening 
provide key information oh physico-chemical properties early on which may affect drug 
absorption and may be more predictive ihan log-octanol determinations. Compared to 
other screening methods which utilise cell models such as liposomes and cell lines. 
Transmembrane Screen (TS) is a versatile miniature tool that requires minimal amounts of 
test substances. It is adaptable, practical, cost effective and may be used routinely in high 
throughput screening. 
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Claims: 

1. A method suitable for screening for solubility and membrane lipid interactions of 
compotmds comprising; 

a) preparing a solution or suspension of a compound having low water solubility 
in at least one water miscible organic liquid with optionally small amounts of an 
aqueous medium and/or excipients 

b) preparing a Test system comprising at least one membrane lipid 

i) in homogeneous suspension in water or an aqueous meciiiun 

ii) optionally otiier excipients and components 

c) mixing the solution or suspension of said compound having low water solubil- 
ity with at least one of said compositions witii at least one membrane lipid in sus- 
pension; and 

d) analysing the resultant mixture for desired physico-chemical and or biological 
data. 



The method of claim 1, wherein tixe desired physico-chemical and or biological 
data is analysed without separation thereof at the end of the incubation period. 

The method of claim 1, wherein the desired physico-chemical and or biological 
data is analysed after separation thereof at the end of the incubation period. 
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The method of any one of claims 1-4, wherein said at least one membrane lipid, 
being a phospholipid of the formula 




H2C-O-R, 



i o 
I 11 



(I). 



5. 

15 

6. 

20 

7. 
8. 

25 



whereia 

Ri represents Cio-Csoacyl; 

R2 represents hydrogen or Cio-C2oacyl; 

R3 represents hydrogen, 2-trimetitiylamino-l-ethyl, 2-amino-l-ethyl, d-Qalkyl, 
Ci-Csalkyl substituted by carboxy, C2-C5alkyl substituted by carboxy and hydroxy, 
Ca-Csalkyl substituted by carboxy and amino, an inositol group or a glyceryl group 
or a salt of such compound. 

The method according to any one of claims 1-5, wherein said screening is per- 
formed in a single container. 

The method according to any one of claims 1-5, wherein said screening is carried 
out in one of UV-cells, test tubes, micro test tubes, nephelometer tubes, and micro- 
reservoirs, such as, e.g. are contained in well plates. 

The method according to claim 7, wherein a number of screenings are performed 
in parallel. 

The method according to any one of claims 1-8, wherein said test material is fur- 
ther screened in cell models, cell lines, and the like. 
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The method as claimed in any one of the preceding claims applied in high 
throughput screening (HTS). 

A deliveiy system comprising a test material having poor water solubility using 
membrane lipid and other components resulting from use of any of the methods. 
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